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EFFECTOFINLETASPECT!RATIOONTHESTARTINGANDPRESSURE

RECOVERYCWTERISTICS OF A RECTANGULAR

INLETTESTEDAT A MACHNUMBEROF

ByErnestA.Mackley

SWEPTSCOOP

3.1

SUMMARY

Anexperimentalinvestigationofa rectangularsweptscoopinlet
designedforandtestedata free-stresmMachnumberof3.1wasmadeto
determinetheeffectof inletaspectratio(heightto width)onthemin-
imuminletstartingcontractionratio(throatto frontalarea)andthe

.-

resuitinginlettotal-pressurerecoveqy.Threesimulatedfuselagesof
varyingcross-sectionslwidthweretestealat an angleofattackof0° and
an angleofyawof0°withandwithouta wedgeboundary-layerdiverterat
a Reynoldsnumberofapproximateely2.8x 106basedon a lengthof1 inch.
Inletaspectratiowasv=ied between0.5andh.O in sevenstepsby .
holdingtheinletheightconstantandveryingtheinletwidth.Cor-

n.;.?-

parisonoftheexperimentalm’inimmmstartingcontractionratioswithan ‘-
approximatetheoryof inletstartingwasmade.

s
TIEexperimentalmin;mumstartingcontractionratiodecreasedwith

increasingifietaspectratioandproduceda trendsimilarto thatpre-9 dietedby theorywithno largeeffectsof simulatedfuselageshape.For
nofuselageboundary-layerdiversion,goodagreementwiththeoq was
obtainedat inletaspectratiosbelow1.0,thestartingcontractionratios
becominglargerthanthepredictedveluesforaspectratiosabove1.0.
Theuseofboundary-layerdivertersonthefuselageaheadoftheinlet
throatincreasedthestartingcontractionratiosforlow-aspect-ratio
inlets,butoneofthedivertersgavereduced(belownodiversion)
startingcontractionratiosabovean aspectratioof1.35.

Themsximumtotal-pressurerecoverygenerallyoccurredjustprior
to inletbuzz. Themaximumcritical-pressurerecoveryobtainedwas0.55
at a mass-flowratioof0.89withno boundary-layerdiversion,an aspect
ratioof1.5, anda contractionratioofO.@L. Themaximumoverall
total-pressurerecoveryobtainedwas0.67at a mass-flowratioof0.65

. withthebestdiverter,anaspectratioof3.7,anda contractionratio
of0.313.
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INTRODUCTION

m
A rectangularscoopinletwithsweptsideswhichwasdesignedfor

high-pressurerecoveryandlowexternsldraghasbeentestedandthe
resultsarereportedinreference1. Theseexperimentalresultsindi-.
catedthatthepressure-recoverycharacteristicswerepromising.The
“starting”characteristicsofthistypeofinletareaffectedby the
fuselagebecauseitrestrictstheflowofairaroundtheinletduring
thestartingprocess.Thedegreeofthisrestrictionisa functionof
theinletaspectratio(ratioof inletheighttowidth).Duringthe
startingprocesstheairwhichcannotpassthroughtheinletth,roatmust
spill.aroundthesidesoftheinlet.Consequently,fora particular
aspectratiotheinletstsrthgcharacteristicsareprimarilya function
of inletcontractionratio(throatareatofrontalarea).Thestarting
problemcanb+eliminatedby designingforrelativelylargevaluesof
contractionratio.High-pressurerecoveries,however,requirelowvslues
of contractionratio.Therefore,theinletcontractionratioshouldbe
as smallas isconsistentwiththestartingrequirements.Sincethe
startingcontractionratiomaybe onlyapproximatedby theoreticalmeans,
anexperimentalinvestigationisrequiredto determineactualvalues.

Thepurposeofthisinvestigationwasto determinetheeffectof-
inletaspectratioontheminimumstartingcontractiuratio,total-
pressurerecovery,andmass-flowcharacteristicsloftheinletandto
comparetheresultswithan approximatetheoryf~rstartingatthedesign
Machnumber.Rectangularinletsofaspectratios0.5,0.75,1.0,1.5,
2.0,3.0,and4.0weredesignedforandtestedata free-stresmMach
numberof3.1,anda Reynoldsnumberofabout2.8 x 106(basedona length
of1 inch),at ansngleofattackof0°withsimulatedfuselagesections 4
ofthreecross-sectionalwidthsaheadoftheinlet.Theinletcontraction
ratiowasvariedas reqtiredforstartingandtestsweremadewithand
withoutfuselageboundary-layerdiversionimmediatelyaheedoftheinlet “
throat.

SYMBOLS

A area,sqin.

[1

A*
isentropicerearatioforthefree-streamMachnumtir

T m

AR
/

inletaspectratio AlW2 or hlw
/

fora rectangularfrontel
area

.
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inletor stresmtubeheightnormal

Machnunber

ratioofmassflowthroughductto

J

to averagestreamline,in.

massflowthrougha free-
%9

P

Pt,4

%, w

R

s

w

P

stresmtubeof cross-sectionalarea Al equsltoprojected
inletfrontalarea

pressure,lb/sqin.abs

total-pressurerecoveryorratioofareaweightedaveragetotsl.
pressureto free-streamtotalpressure

distancefrcminboardinletlipto assumednormalshockwave,
in.

sonicflowarea,sqin.

inletwidth,in.

angleoffirstshockwavefromcanpressionsurfaceandangle
ofleadingedgeof inletsidewsU relativeto freestreem,
deg

totslflowdeviationorturningof compressionsurface,deg

two-dimensionalshock-waveanglegivingsonicvelocityanda
flowdeflection@ behindwawe,deg

flowdeflectionforshockwaveofangle e,deg

Subscripts:

m free-streamconditions

1 stationof outboardinletlip

2 conditionbetween1 and3 andbehindassumednormalshockwave
movingintoinlet

3 inletminimumsectionorthroat

4 diffuserexitor compressorfacestation

* a available
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referringtoportionsoftheoretical
paststation1

referringtoportionsoffreestresm
shapedwaveat sidesof

required

at sidesof inlet

stagnationconditions
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captureareaflowing

11:
passingthroughconicsl
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STARTINGm mm DESIGNMACHmm

=

OF INLET

StartingatthedesignMachnumberofa supersonicsweptscoopinlet
ofthetypeshowninthephotographsoffigure1 andthesketchinfig.
ure2 isa functionofthegeometriccontractionratio A3Al,thesuper-

/sonictotsl-pressurerecovery,andthesmountofflowthatcanbe spilled
aroundtheinlet.Thespillageismainlya functionoftheinletgeane-
tryandfree-stresmMachnumber.Anapproximatetheoryfordetermining
theminimumstartingcontractionratiohasbeenpresentedinreferences2
and3. Inthispaperthetheoryhasbeenrevisedtoprovideforsome
differencein initialassumptions.

Assumptionsmadeandusedfortheanalysisof startingwere: the
spillageflowoutsidetheinletsidewallswastwodimensional,thatis,
ithadnovelocityccanponenttowardorawayfromthefu6el~ejthe
assmnedwave EDD1 (fig.3)wasconicslin shapeandcouldslwaysbe
adequatelyrepresented(betweenstations1 and3)by a circulararcin
a planepamlleltothefreestresmandnormaltotheinletsidewalls
(fig.3(b));theportionofthemovingwaveimmediatelyaheadofand
betweentheinletsidewallswasnormaltothefreestresm;andall.
boundary-layereffectswereneglected.

Inthestartingprocessa normalshockwavewasassumedtomove
downstreamintotheinlet.Withthenormalshockwaveata particular
station,as infigure3,theportion,hb by w, ofthetheoretic~
free-6treamcapturearea Al wasassumed-topassthroughtheoblique
shockwave,partoftheisentropiccompre~gion,thenor@. shock,and
throughtheinletmininuxnsection.Ifboundary-layereffectsareneg-
lected,theremainingminimumareafora particularinletcontraction
ratiodeterminedtheportionof & by w thatmustbe spilledaround
theinlet.

—
.-

.A

0

—



NACARM L57J07 5

Frantheconsiderationsgivenintheappendix,thestartingcontrac-
tionratiofora particularsweptscoopInletmaybe determinedby the
eqyation

()A++ cos eT

‘Os(’-@)- /p:.2\

1
In ordertousethisrelation,thevariationoftheoreticaltotsl-pressure
recoverywithflowdeviation&d shock-wavepositionmustbe known=The
total-pressurerecoverythroughthecurvedshockwaveoutsidetheinlet
sidewallswasassumedtobe a constantandthevalueusedwasthatfor
a two-dimensionalshockwaveat thefree-streamMachnmber of3.1anda
shocksingleof76°59’(thatis,averageof90°andthevalueatthe
sonicpoint El= 63°581).

Typicalresultsobtainedfromthiseqpationfora Machnumberof3.1
sre showninfigure4. It canbe seenthat,fora particularaspect
ratio,thecontractionratioincreasesto a msximumandthendecreases

as thenormalshockmovestowardtheinletthroat
( )
& decreasing. The
RI

(maximumvaluesof contractionratio largestvaluesof A3 withrespect
to Al)foreachaspectratiogivesthevariationof startingcontraction
ratioshownin figure 5. Also shownk figure5 forcomparisonarea
theoreticalcurveandexperhentsldatatakenfrcanreference2 anda
theoreticalcurvecalculatedby usingthemethodoutlinedintheappendix
andthespillagearea Ss atthesidesoftheinletasgivenin
reference3.

Asthemovingwaveapproachestheinboardlip R and ~ approach(
zeroand hb approacheshi),theaccuracyoftheapproximationdecreases
becauseofthemush vsluesinvolvedandtheincreasedchanceof errorin
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theinitialassumptionsof constantwaveshape,andsoforth.However,
whentheinletis started,theallowablecontractionratioata partic-
ularMachnumberceasestobe a functionofinletwidthandissimply
a functionofthetotal-pressurerecoveryorfromeqution(A9):

APPARATUSANDTESTS

Thisinvestigationwasconductedina 9-by 12-inchblowdownJet
oftheLangleyGasDynamicsBranchata Machnumberof3.1andangles
ofattackandyawofOO. me testsetup(fig.6)wasgener~lysimilar
to thatofreference1,theReynoldsnumber(basedona lengthof1 inch)
forthetestsbeingapproximately2.8 x 106.

Models

Sevenmodelsofa supersonicsweptscoopinlet(figs.1 and2)were
testedduringthisinvestigation.Thegeneralaerodynamicdesignofthe
inletswassimilartothatofreference1. A 12°initialflowdeflection
wasfollowedby a curvedsurfaceapproximatingisentropicturning(ceJ.cu-
latedinincrementsoftwodegreesofturning)as showninfigure7.
TheinletsideweUs weresweptbackalongthefirstshockwaveat
28°32’(p)tothefree-streemdirection.Thetotalmount offlow
turningwasvariedby alteringthec~pressionsurfaceasrequiredto

~. Thevariationofthetotalflowchangetheinletcontractionratio
A.

deviationandtheresultingtheoretic’&.total-pressurerecovery(including
nonnsl-shocklosses)asa functionof”contractionratio.is shownin
figure8.

Withtheinletheightconstantat 2 inches,modelswereconstructed
ofdifferentwidthsto giveaspectratiosof0.5,0.75,_l.0,1.5,2.0,
3.0,and4.O. Threesimulatedfuselagecrosssectionswereusedinfront
oftheinlet.(Seefig.2.) FuselageI was“6flat,tunnel-spanning
section;fuselageIIwas2 incheswiderthantheinlet- thatfSja
l-inch-radiussectiononeachsideoftheinlet;andfuselageIIIwas
rectangularandtheseinewidthastheinlet.Themodelswereof steel

* .“

.

*
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andplasticconstruction,plasticbeingused
that-weresubjectto alteration.

7

fortheinternslsuzfaces

Thesubsonicdiffuserexitheightwasfixed(hk= 3.0)withthe
flowatthisstationparallelto thefree-stresmdirectionbutwasoff-
setinboardas showninfigure2. Thecontourofthediffuserwasarbi-
trarilyfairedbetweentheinletminimumsectionandthediffuserexit,
a compromisebeingmadebetweengradualdiffusionbeforeturningand
havingaslonga radiusturnaspossible.Fortheinletstested,the
ductheightnormalto themeanstreamlineincreasedas showninfigure9.

Testsweremadefirsttithoutremovalofthefuselageboundarylayer
infrontoftheinboardinletlip. Inaneffortto improvethestarting
characteristics,a flatwedge-likeboundary-layerdiverterwasinstslled
aheadoftheinboardlip. Thedetailsofthedivertersareshownin
figure10. Diverter1 wasmadewithflatsurfacesonthesidesatan
angletothefuselageof~“ attheapexina planenoz?nslto thefree
stream.Thisangleincreaseddownstreamoftheapexto near90°imme-
diatelyaheadoftheinlet-fuselagejuncture.Diverter2,a modifica-
tionofdiverter1, wasthinnedneartheapex(fig.10(a))andthesides
werefairedto thefuselagedownstreamofthecorrespondingpointof
diverter1. Diverter2 approximateda flatplatenearthetipwitha
fairedsupportto thefuselage.Sinceitwasconsidereddesirableto
maintaina lowincludedangleonthewedge,thewedgedivertersforthe
lowaspectratios(wideinlets)becsmetoolongto be effective;there-
fore,a “bmnp”or compression-typediverterwastested.(Seefig.10(b).)
Thisdiverterwiththeincreasedpressureonthewedgesurfacecaused
theboundarylayertoflowtowardthelowerpressureatthesidesofthe
inlet.

Tests,Procedure,andMeasurements

Thecontractionofeachinletwasslteredby changingthetotaL-
flowdeviationoftheinlet.Experiments.contractionratioswerecom-
putedfrommeasurementsoftheactuslminimumheighth5. Inlettotsl-
pressurerecoveryandmassflowweremeasuxed;slsoshadowphotographs
andvisualschlierenobservationsweremadeforeachtest. Inletstarting
obse?wedbyuseoftheschlierensystemwasverifiedby themass-flow
dataandinspectionoftheshadowphotographs.

Pressuremeasurementsatthediffuserexitweremadewitha nine-
tubetotal-pressurerakelocatedontheverticalcenterlineoftheduct
andeightwsllstaticorifices(fig.11)locatedaroundtheperiphery
oftheduct. Ansrea-weightedaversgetotal-pressurerecoveryisused
inthepresentpaper.Thisusageis consideredtobe validsincethe
Machnumbersattherakestationwerebelow0.2forthehigherpressure
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recoveries.Themassflowenteringtheinletwasmeasuredby anorifice
platelocatedas showninfigure6. Twoorificesizeswereusedinter-
changeablyinthessme-pipetohandletherangeofmassflowencountered
inthetests;theorificeinstallationmetthespecificationssetforth
inreference4.

Themass-flowratiosforsllinletsarebasedontheprojected
frontalareaoftheinletminustheprojectedfrontslareaofthe
diverter,ifany. Fortheb~ diverterwhichcreateda compression
wave,mass-flowratiosover1.0arepossible.Themass-flowratiosand
measuredtot~-pressurerecoveryareconsideredtobe accuratewithin
*2 percent.

Ji

..—

—

.—
.

RESULTSANDDISCUSSION

DeterminationofStartingContractionRatio

Thetypicalshadowphotographsoffigure12 show_theeffectonthe
inletflowpatternofvaryinginletcontractionratio.Theunstarted
inlet(fig.12(a))withnobotidary-hyerdiversionhada strongoblique ““

—

waveandaccompanyingseparationinthe“crotch”oft@ inlet(between
thefuselageandinletsidewall).Astheminimmarea A3 was
increased,thisseparatedareamovedtowardtheinlet-throatand
decreasedin size.Figure12(c)showsa configurationthatwascon-
sideredstartedbutwasa borderlinecase.-Theshockwaveoriginati~-
atthepointofboundary-layerseparationonthefusel~ecurvedor
wrappedmoundtQeinletastheflowexpandedtofree:stresmconditions.
Thiscurvedwavecausedrefractionoflightandtie theseparatedpor-

.

tionoftheflowappearlargerthanitactusllywas.Zlhisisevident
whena shadowphotographwithflowpastthemodelis comparedwitha .
correspondingphotographwithnoflow.Regionsofrefractedlightcm- -
alsobe seenaswhitelinesalongtheinletsideWSJ.lS:A typic~-.case
ofa completelystartedinletconfigurationis showninfigure12(d).
Theflowdepictedhereoccurred.mostoftenwithfuselageboundary-layer
diversionbutwaspossibleinmanycaseswithoutboundary-layerdiversion.

Maximummass-flowratiosofatleast0.98weregenerallyconsidered
tobe necessaryto establisha startedcondition.Insomecasesstarting
wasconsideredtobepossibleformass-flowratiosas.lowas0.96,
dependingupontheappearanceintheshadowphotographsoftheflowin
thecrotch.

..-
—

Frcmtheappearanceoftheflowinthe_shsdowphotographsitwould
appearthattheflowmodelassmnedintheoriginalsts&tlngwasoversim-
plified.Theexistenceofa stationaryno?.mml-shockwaveinthecrotch .

w
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oftheinletwasprecludedby separationofthefuselageboundarylayer
(ref.5)becauseoftheexcessivepressureriseofa normalwave. The

●

shadowphotographsshowan obliquewaveexistedat nearlya constant
angle(orpressurerise)regardlessofthepositionofthepointof sep-
arationrelativeto theinletthroat.Thispositionmuststillbe deter-
minedby thespillagerequirementsbackoftheobliquewave- thatis,
thewaveshapeatthesidesoftheinlet,theinletaspectratio,and
thecontractionratio.Someoftheseparatedflowundoubtedlyentered
theinletanddecreasedtheeffectiveinletthroatarea(especiallyat
lowbackpressmes).Thespillageareaatthesidesoftheinletwas
lessthanthatcalculatedfrcuntheassumptionsmade,butthelosses
throughtheobliquwaveweremuchlessthantheassumednonnslshock

(
lossesapproximately7 percentof pt ~ insteadof 70percent. These

3 )
factorstendto cmnpensateeachother,‘butthespillageoftheseparated
flowsroundtheinletisunpredictable.

EffectofInletAspectRatioonthe

InletStartingCharacteristics

Withoutboundary-1ayerdiversion.-Theeffectof inletaspectratio
onthestartingcontractionratioforthethreesimulatedfuselagesec-
tionstestedwithno boundary-layerdiversionis showninfigure13.

~ generallydecreasedTheexperhentslstatingcontractionratio
Al

withincreasinginletaspectratio,andtheeffectsofthesimulated
fdselagecross-sectionalshspesweresmall.Themsximummass-flowratios

●

aregivenforeachpoint.Alsothefairedexperimentalcurveis shown
asa dashedlimeforthehigh-aspect-ratioinletswherevertheresults

. didnotshowtheactualstartingasestablishedby thecriteriongiven
previously.

Thetheoreticalvariationin startingcontractionratiowithinlet
aspectratiois showninfigure13forcomparisonpurposes.It CSllbe
seenthatfor-noboundary-layerdiversiontheexperimentalstartingcon-
tractionratiossregenersllyconsistentwiththetheoreticalvaluesat
lowaspectratiosbutthestartedconfigurationsataspectratios
above1.0hadcontractionratiosup to 18percenthigherthanpredicted.
Thisgreaterdisagreementwithincreasingaspectratiosmaybe partially
dueto an internslboundary-layereffectsince,asthewidthoftheinlet
wasdecreased,thesmountofboundarylayerontheinternalsupersonic
surfacesbecamea largerpercentageoftheflowthroughtheinletthroat
andgreaterinternslboundary-layereffectscouldbe expected.However,
ifthethree-dimensional.obliquewavethatoriginatedatthepointof

, separationandwrappedaroundtheinletremainednearlygeometrically

.
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.

similarregardlessofpositionrelativeto theinletthroat,theamo~t .1
—

of separatedflowenteringtheinletfora highaspectratioshouldbe
somewhatlessthanthatfora lowaspectratioatthe samemass-flow ●

m4
ratio —. Thisdepends,of course,onthespillagebf theseparated

——

%
flowwhichisconsideredrelativelyunpredictable.‘-

Withboundary-lsyerdiversion.-A flat_-wedgeboundary-layerdiverter
(diverter1, fig.10(a))wasplacedonthefuselageimmediatelyaheadof
thebeginningoftheinletthroat.Thepresenceofthediverterdecreased
theeffectiveinletheightand,as a result,theinletaspectratio.The
variationof startingcontractionratiowithinletaspectratiousing
bounda~-l~erdiversion(diverter1) isshowninfigure14forthethree
simulatedfuselagesectionstested.Theeffectoffuselagecrosssection
wasagainsmallwiththestsrtedconfigurationsagainshowingdecreasing

‘3contractionratio—
Al

withincreasinginletaspectratio.Theuseof

diverter1 gavetheadverseeffectofgenerallyincreasingthestarting
contractionratioovernoboundary-layerdimrsion,especiallyforthe
low-aspect-ratioinlets.However,thetrendof changingcontraction
ratiowithaspectratioismorenearlyconsistentwiththetheoretical

A
variation,althoughthevaluesof ~ werea~roximately18percent

Al
higherthanthetheoreticalvalues.

-.

Sincethediverterwedgeswerekeptat a relative~lowmgle in
theplanform(fig.10),thelen@h increasedwithdecreasinginlet
aspectratio; thustheirpurposewasdefeated.Thewidestinlet(aspect “,
ratio0.44)wasimpossibleto startby usinga flat-wedgediverter.A
“bump”typediverter(fig.10(b))wasusedforsometestswithfuse-
lages11andIIIandallowedtheinletto startas showninfigure14.

*

Themass-flowratioforthetestswiththebumpdiverterwasbasedon
thetotslfrontalareaoftheinletminustheprojectedfrontalareaof
thediverterinthesanemanneraswasdonefortheflat-wedgediverters.
Withthecompressiononthebumpitwaspossibleto obtainmassflows
over1.0as shownforthestartedconfigurations(aspectratio0.44,
fig.14,andtableI(f)).

Thevariationin startingcontractionratiowithinletaspectratio
usingboundsx’y-layerdiverter2 (fig.10(a))is shown-infigure15.
Theeffectoffuselageshapewassmellas itwasfornodiverterand
diverterl..Thetrendofdecreasingstartingcontractionratiowith
increasingaspectratiowasstillpresent.Theuseofdiverter2,a
modificationofdiverter1, resultedingeneraU.ybetteragreement
betweentheexperimentalandtheoreticalstartingcontractionratios .

.
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thanfordiverter1. Diverter2 slsogavebetteragreementwiththeo-
reticalstartingcontractionratiosthanno diverterforaspectratios
above1.35. Thereasonfortheadverseeffectoftheboundsry-layer
divertersonthestartingcontractionratiosforthelow-aspect-ratio
inletsisnotclearfrcmtheresultsofthisinvestigation.

Total-PressureRecoveryandMass-FlowVariations

Typical.variationsoftotal-pressurerecove~withmass-flowratio
forvariousinletaspectratiossndcontractionratioswithnoboundary-
layerdiversionareshowninfigures16,17,smd18forfuselagesI, 11,
andIII,respectively.Similarvariationswithboundary-layerdiversion,
diverter1, areshowninfigures19,20,and2L,andfordiverter2 in
figures22,23,and24. Inthesefiguresthefairedcurvessreshown
asdottedlineswheretherewasevidenceofa discontinuouschangein
mass-flowratiowithtotsl-pressurerecovery.Forthedatagivenin
figures16to 24,thelowestmass-flowratiopointoneachcurvewas
takenjustpriorto inletbuzz;no date.weretekenduringbuzz. Gener-
allybuzzor inletinstabilityforthistypeof inletoccurssuddenly
andratherviolentlywhentheminimummassflowisreached.Thiswas
especiallytruefortx presentconfigurationsforwhichtherewasonly
a smallamountof subcritical.stability.Inthecaseswhereseparation
onthefuselageexistedathighbackpressure,smallfluctuationswere
notedintheflowneartheinletcrotchimmediatelypriorto inletbuzz.

Itmaybe notedfromfigures16to 24forthehighaspectratios
Pt,4

thatmaximum— occurredatlowmass-flowratios.Forthesecases
‘t,m

aswellasthe”unstartedinletsat sllbackpressures,separationwas
presentonthefuselageaheadoftheinletthroat.Theobliqyewave
standingonthediverter,orfuselage,wasat a nearlyconstantangle
andthelossesfortheflowthroughthiswaveandoutsidetheseparated
regionweresmall.At highbackpressuresendlowmass-flowratiosa
largepertoftheseparatedflowwasevidentlyspilledaroundtheinlet
sincethetotql-pressurerecoverieswererelativelyhighcomparedwith
thetheoreticalrecoveriesfora particularsmountofflowturning.
Alsothesubsoniclossesmightbe expectedto decreaseasthemassflow
andinternalMachnumbersdecrease.

.
A discontinuouschangeinmassflowwithtotal-pressurerecovery

wasfoundin sanecasesas is showninfigures16(c),17(c),and22(b).
Thischangewasa resultofthesuddenoccurrenceofboundary-layer
separationinthecrotchandtheconccxnitantspillage.Varyingspillage
ratesarenoticeableinthechangingslopesofthelow-pressure-recovery
portionsofthecurvesofmassflowagainsttotsl-pressurerecovery.

%%a%a&9



12 NACARML57J07

.

(Seefigs.16to 22.) Theseslopesgenerallybecamelessastheaspect –
ratioincreased.Thislossofmassflowwasconsideredto& theinter- ~
nalboundarylayerspillingaroundtheinletsidewallsandbecsme
greaterastheinternalbounda~layerbecsmea largerpartofthe
enteringflow(aspectratioincreasing).Theslopesinthelow-pressure-
recoveryregionforfuselagesI andIIweregreaterthanthoseforfuse- “--
lageIII;thussmnevariationin spillagearoundth.ejinletbecauseOF ._
fuselagecross-sectional.shapewasindicated.Theuseofa diverter
gavea similareffect(increasedslope)fora particularaspectratio,
diverter2 beingslightlymoreeffectivetithisrespect.

—-.

Effectsof InletAspectRatioontheMaximum
—.—

Total.-PressureRecovery

summarycurvesofthemeximwntotal-pressurerecoveriestakenfrom
figures16to 2&andmoresimilardataareplottedasa functionof

%,4inletaspectratioinfigures25,26,and27. Maximum— points
%,m .-

generaLlyoccurredjustpriorto inletbuzzorflowinstability.These
—

figuresshowa trendof increasingmaximumtotal-pressurerecoverywith
increasinginletaspectratiowhichisa reflectionofthegenersltrend

ofdecreasingstartingcontractionratio %
— —

— withincreasinginlet
Al

aspectratio.Themaximumcriticaltotsl-pressurerecoveryobtained
.-

A5
duringthesetestswas0.55foranaspectratioof1.5, ~= 0,421, .

‘4—
mm

of

an

Al

= 0.89, andfuselageI withnodiversion:Themaximumoverallvaliie . —

pressurerecoverywas0.67ata lowmass~flowratio
ri )

= 0.65 for
A3

aspectratioof3.7, ~ = 0~313,fuselageIII,anddiverter2.
‘1

Thetheoreticaltotal-pressurerecovery(includingnonnsllshock
losses),showninfigures25,26,and27,representsthemaximumobtain-

ablefortheexperimentalstarting2Al curvesinfig~es13,14.,and15

andwasobtainedby usingfigure8. Thetheoreticalpressure-recove~
-.

curvesareshownasdashedlineswherenecessaryto correspondtofig-
ures13,lb,and15. Theexperimentaltotsl-pressure-recoverydata 8
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showedsimilartrendsasthetheoreticalcurvesbutwere10to 20per-
centlower.No specificeffortwasmadeto increasetheexperimental
totsl-pressurerecoverybymodificationsto theinletotherthanthe
fuselageboundary-l~erdivertersshown.

Theconfigurationswhichwerestartedatlowpressurerecoveryor
inthesupercriticel.regionarenotedonthefigures.Itcanbe seen
thatin sanecasesthemsWmmmtotsl-pressurerecoveryoftheinlets
whichwerestartedatlowpressurerecoverywasslightlylowerthanthe
unstartedinletsofthessmeaspectratio.As statedpreviouslyinthe
sectionentitled“TotsL-PressureRecoveryandMass-FlowVariations”in
thepresenttestswiththeinletsoperatingathighbackpressuresand
lowmass-flowratios,thetotal-pressurelossesfromfreestreamto the
diffuserexitwerenothighslthoughthiswouldbe a relativelyhigh
dragconditionbecauseofthespillege.Thevaluesofmass-flowratio
andcontractionratiofortheexperimentalpointsinfigures25,26,
and27aretabulated(tableI)inorderofdecreasingtotaL-pressure
recoveryto givea correlationofthedatawiththatofthepreceding
figures.

Thevariationsofminhm startingcontractionratioscaused,by
theuseofboundary-layerdiverterswerereflectedinthemsxbmzntotal-
pressurerecoveries.Theuseofdiverter1 generallygavedecreasesof
about0.02to 0.06inmaxinnmrecoveryccxnparedwithnoboundary-layer
diversion.Similardecreaseswerefoundfordimrter2 withfuse-
lagesI snd11,whereassmallincreaseswerefoundfordiverter2 with
fuselsge111.

Thedifferencesinmaximumtotal-pressurerecoverybetweenfuse-
lagesI andII configurationsweregenerallysmsJJ.(upto 0.03),whereas
fuselageIIIconfigurationsgavegeneralincreasesintotsl-pressure
recove’ryoverfuselageI (upto 0.11).

SUMMARYOFRESULTS

AnexperimentalInvestigationhasbeenmadeat a free-stresmMach
nunberof3.1to detemninetheeffectofinletaspectratio(heightto
width)ontheminimuninletstartingcontractionratioandtheresulting
totsl-pressurerecovery.Thee~erhentalresultshavebeencompared
withtheresultsfromanapproximatetheoryof starting.Theaspect
ratiosfortheseveninletconfigurationsvariedfrcnn0.5to 4.0. Three
simulatedfuselsgesofvaryingcross-sectionalwidth,withandwithout
fuselageboundary-l~erdiversionimmediatelyaheadoftheinletthroat,

weretestedata Reynoldsnumberofapproximately2.8x 106basedon
a lengthof1 inch.Thefollowingresultswereobtained:

-..
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1. Themintiumstartingcontractionratiodecreasedwithincreasing
inletaspectratio,theeffectsof simulatedfuselsgecross-sectional
shapebeingsmall.Theuseofboundary-layerdivertersincreasedthe

.

minimumstartingcontractionratiosforlowaspectratios,butoneof
thesedivertersreducedthestartingcontractionratiosforaspect —
ratiosabove1.35. —

2.Theexperimented.valuesofminimumstartingcontractionratio
agreedwellwiththeoreticalvsluesforlow-aspect-ratioinletswithno
boundary-lsyerdiversion.At aspectratiosabove1.35,thestarting
contractionratios,eitherwithorwithouta diverter,wereincreasingly ___
higherthanthepredictedvslues. -.—

3.Themaximumpressurerecovery,whichgenerallyoccurredjust
priorto inletbuzz,increasedwithincreasinginletaspectratioand
decreasingcontractionratio.Theeffectsonthetotal-pressurerecovery
ofthesimulatedfuselagecross-sectionalshapeweresmallforthetwo
widerfuselsgeconfigurations.Thenarrowfuselsge(samewidthasthe
inlet)gaveincreasesintotal-pressurerecoveryup to0.11overthe

—

widestfuselageconfiguration.Maximumcriticsltotalpressurefound
was0.55ata mass-flowratioof0.89fornoboundarydiversion,an
aspectratioof1.5,anda contractionratioofO.lt~.Maximumover~l
pressurerecoverywas0.67ata mass-flowratioof0.65withthebest

.-

oftwodiverterstested,anaspectratioof3.7,anda contractionrqtio—
of0.313. .-

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

_ey Field,Vs.,Ssptember26,1957.
.

.

.



NACARML57J07 15

APPENDIX

DETERMINATIONOFINLETSI’ARTING

Thestartingofa sweptscoopinletofthetypeshowninfigure1
atthedesignMachnwber isa functionofthegeometriccontraction

A3
ratio thesupersonictotsl-presswcerecovery,andthesmountofq

flowthatcsmbe spilledaroundtheinlet.Thespillsgeismainlya
functionoftheinletgeometry,thephysicslsystemof spillage,and
thefree-stresmMachnumber.

Thespfllageflowwasassmedtobe twodimensionalandto occur
behinda shockwavewhichwasnormalinfrentoftheinletandwrapped
aroundtheinletatthesides.ThewaveatthesidesEDD’ (fig.3)
wasassumedtobe conicalin shape(apexattheedgeofthesweptinlet
sidewellandbaseintheplaneofthefuselage)sadtobe almqm ade-
qwtelyrepresentedbetweenstations1 and3 by a circulararcina
planeparallelto thefreestresmandnormaltotheinletsidewells.

Inthestartingprocessthenormal-shockwavewasassinnedtomove
intotheinletin stationwisesteps.Withthewaveat a particular
position(asinfig.3)theportion~ x w ofthetheoreticalcapture
area Al wasassmedtopassthroughtheobliqpewave,partofthe
isentropiccompression,thenormalwave,andthrougha sonicinlet
throat.Ifboundary-layereffectsareneglected,theremainingthroat
areafora particularinletcontractionratiodeterminedwhatportion
of hc x w mustbe spilledaroundtheinlet.Theseconsiderations
givethebasiceqyation:

or

‘3+ ‘a,s ~%

y>~
.-J.-:-_ ,.-_ ._

●

(Al)
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Forthewavegeometryassumed,itispossibleto
sonicarearequired:

NACARM L57J07

.....-—
detemninethe

.

(A2)

where ~,Al isthesonicflowarearequiredbythefree-stresmtube ~
—

of area Al and ~,d isthesonicflowsrearequiredby
streamtubepassingthroughtheconicslwavesatthesides

()

Pt,2
foramaveragetotal-pressurerecovery— . Theterm

%,m ~

the free-
oftheinlet

&,Al beC~B
.

a functionofthepositionofthemovingwavesincetheaveragepressure
recoveryoftheoutboardpOZ%iOnoftheenteringinletflow hb
(fig.3(a)) changeswithshockwaveposition.Then

or
.

(w’) “

Itwaspreviouslyassumedthatthemovingwaveoutsidetheinletside
wallscouldalwaysbe describedby a circulararcina planeparallel
tothefreestresmandnormaltotheinletsidewalls.Thersdiusof
thisarcisthedistancefromthesweptinletsideWSJ.1to thenormal
wave. IntheplaneofthefuselagethisradiusisthepositionR of
thenormalwaverelativetotheinboardinletlip. Thisresultsin
conicalshapedwavewhichdecreasesinsizebutremainsgeometrically
similaras R decreases.Thesonicflowarearequiredforthecurved
wavesatbothsidesoftheinletisthen -—
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●
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u~ d

Thenfrcmeqmtions(A2),(A3),and(A4),

17

(A4)

(A5)

sidesoftheNext,thetottdsonicspillageaxeaavailableatthe
inleti.sdetermined.Isentropicflowisassumedbetweenthewave EDD’
(fig.3(a)) andthesonicplane EHD’. Theside ED’ ofthesonic
plsme EHD’ isa generatrixoftheconicalwave EDD’. l?rcmthegecm.
etryshowninfigure3(a)theareaof sonicplsneforonesideofthe
inletisthen:

! 11/2R2
Area(EHD’)= ~ an2p+ c0s2e (A6)

Thederivationofthisequationisgiveninreference3. ‘T’&areaof
theplane EHD’ isusedasthesonicspillageareaon onesideofthe
inletinreference3. However,slthoughtheplanedoescontainthe
sonicpointsonthespillagestreamlinesfortbeassumptionsmade,the
flowvelocityisnotnecessarilynormaltotheplane.Forthepresent
papertheflowvelocityat D’H wasconside~dtobe at saneconstant
angletothefreestresm@ ina pl- psmllelto thefuselage.The
angle @ usedwastheflowdeflectiongivinga Machnumberof onebehind
a two-dimensionalfree-stresmshockwave. ThesonicspiJlagearea
availableon onesideoftheinletwasconsideredto betheprojection
ofthesonicplaneon a planenormslto theexitingstresnil.ines,w~ch
werepreviouslyassmedtobeparslleltotheplaneofthefuselage.
Thisprojectionistheplsme E“HD” (seefig.3(a)).Thetotalsonic
spillageareaavailableistwicetheareaof E“HD’~or &,s

-KMEa&L
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E&~ = R2tsm~ COS(e-

NACARM L’37J07

●

?$) (A7) ,

Substitutingequations(A5)and(A7)intoequation(Al)gives

or

Equation(A8)intermsof contractionratioandnornML-wave-position
parsmeteristhen —

‘3>1 A*
~= ()

—.
wAR A m

e1

Fromthisequationthecontractionratio

startmaybe calculatedfora particular

1- -1

(A9)

necessuyto allowtheinletto

normslwave.position$“

z.

.
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TABLEI

TOTAL-PRESSURERWO’VERIESWITHC!ORRISFONDINGMASSFLOWANDCONTRACTIMRATIO

(a)FuselageI,nodiverter,
figure 2~(a)

(b)FueelegeII,nodiverter, (c)FueelageIII,nodiverter,
fl~ 25(c)

ARAR f%,k-)(%,. -

%
<

k.o
a.88
.78
b.92
a.%
a.96
a.gl
.70
.70
.8
.7?
.75
.40
.%

AR

0.44
.32
.55
.9
.51
.58
.%
.42
.61

:$

%.95
b.95
a.al
a.84
.64
.9
.74
.%
.35
.%
.41

0.41
.45
.54
.55
.55
.54
.52
.59
.59
.55
.63
.61

0.45
.41
Al
,43
,51
.44
.53
.57
.55
.55
.6.L
.58
.64
.*

0.75
1.0
1.5
2.0
2.0
3.0
3.0
3.0
4.0
;::

2.433
.395
.4a
.394
.331-
.338
.343
.259
.so
.343
.278

0.5
.75
1.0
1.5
2.0
2.0
2.0
3.0

;::
!::

0.90
E.87
a.%
a.~
a.88

0.435
.446
.395
.422
.394
.314
S&

.350

.314

.290

.314

0.5
.5
.5
.’75
1,0
1.0
1.5
2.0
2.0
2.0
3.0
$::
4.0

0,483
.435
.382
.445
.428
.395
.422
.343
.330
.379
.350
.343
.=
,340

----

.82

.64
a.62
,63
.55
.58

(d)Fmese ~(~varter1, @) FueelegeIII dlver&1,
figw.’ad(c)

m4 A3

z ~

0.890.497
%:$ 1:$

.67 .475
b.64.381
.83 .370
a.74.420
a.46.*
-----.362
8.48.362
.14 .314

b.~ .%

.

.
()PQ%,. -

fp&4)i%,m-
AR AR AR

0.43
.56
.52
.50
.52
.49
.56
.48

%.69
b.~
.73
.72
a.59
a.97
b.83
bm

0.475
.4=
.382
.368
.375
.*
.X3
.370

CO.44
.9
1.8
1.8
2.6
2.6
3.7
3.7

0.41
.Vi
.3
.W
.%
.47
.57
.48

%.9s
a.7c
.82
a.8z
8.84
.21
.8;
b.gl

0,497
.475
.381
.420
.3@
.375
.X-3
.367

CO.44
C.44
C.*
.9
1.8
1.8
1.8
2.6
2.6
2.6
3.7
3.7

0.9
1.8
1.8
1.8
2.67
2.67
3.7
3.7

0.41
.40
.37
.45
.55
.54
.54

:3
.53
.61.
.54

astertedatlowpRBBurerecovery.
bmtiiw qmatiotile.
c2umpdiverterconfi,gmation.

.

.
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TAEUZ I.- Concluded
~

TOTAL-PREWJRE RWOVERIES WITH CORRESPONDINGMASS FLOWANDCONTRACTIONRATIO
E

(g)l?@143eI, diverter2,
figure27(a)

m

(h) Fuselage II, diverter 2, 1 .,.-!
“’” diverter 2,

figure 27(b)

AR

c)

AR ‘4
K

AR

0.38 ao.98
.49 .78
.4a .77
.47 a.76
.?3 .75
.51 .76

.55 .&

.54 b.71

.% .74

%.97

.n

.80

.81
8.81
.75

a.81
.82
.77
a.82
b.81
.68
.63
.47
,75
.72

0.67
1.3
1.3
1,3
1.8
1.8
2.67
2.67
3.7

3.4-86
.378
.394
.42Q
.365
.352
.366
.%
.322

0.67

.9
1.35
1.35
1.35
1.8
1.8
1.8
1.8
2.67
2.67
2.67
2.67
3.70
3,70
3.70

0.43
.46
.50
.48
.47
.55
.55
,53
.51
.53
.53
.51-
.51
.58
.53
.52

0.4$6
.390
.378
.394
.468
.313
.353
.365
.31.2
.344
.367
.293
.267
.297
.313
.287

0.67
.67
.9
.9
1.35
1.35
1.35
1.35
1.M
1.W
1.80
l.&)
2.67
2.67
2.67
2.67
3.70
3.70
3.70
3.70

0.41
.40
.49
.46
.54
.51

.50

.48

.57

.57

.55

.52

.60

.58

.58

.54

.67

.60

.59

.52

0.68

a.97
a.97
.74
.67
.69

a.%
h.00
.70
-57
a.69
.56
.35
.40
.41
.74

b.65
;~

.32

3.450
.486
.435
.390
.378
.368
.394
.483
.352
.33
.365
.292
.344
.267
.a3
.367
,313
.287
.237
.262

.

bStartingqpestionable.
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(b)Internalcontoursexposed. L-57-335 .

Figurel.-Photographsof inletmodel.M . 1.():suse~~eIII: -
boundary-layerdiverter
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(a) Fuselage I, fuselage width eqml to tmel tidth.

-ii.+ 410F-

E/
(b) Fuselage II, fuselage 2 Incheswider t&m inlet.

(c) Fuselage III, fuselage width equal to

Figure 2.- Schematic

inlet width, internal surfacesexpofied.

drawing of inlet.
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(b)Two-dimensionalviewina planeparallelto freestreamandnormal
to inletsidewallsofasswnedshockwaveat a particularposition.

Figure3.-Concluded.
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Figme ~.- Theoreticalvariationof startingminimum
ratio with inlet aapect ratio and comparisonwith
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Figure 9.-variationofsubsonicductkightwithlengthonductcenterlineforvariousamounts ~
oftotal-flowdeviationA. P
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Figure10.- Boundary-layerdiverterdetails.Alldfiensionsarein

inches. .

.
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(b) Bump divmter

Figure
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SmztionA-A
Figure Il.- Details of total-presswe rake and static-ortiice locations at diffuser exit. All

dimenaione=e in inches.
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(a) No diverter;AR = 2.0; At/Al = 0.314;

(m4/%)mlx= ‘“&:’

(c) No diverter;AR = 2.0; A3/A1 = 0.394;

Figure 12.-

p4/+)w =

Typical shadow

0.98.

photompm of
tionratio.

(b) NO iiiVerter; AR = 2.0; A31A1=
(n14,1k)H = 0.s2:’

0.343;

(d) Diverter 2; AR = 1.8;A31A1= 0.420;

(m4/m4= = 0.$)8.

L-57-2757
inlets, startedand not started, of vmylng &intz&c- ~

Fuse&e II; ~. 3.1.
.- -.
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Figure 13. - Effect of inlet aspect ratio on the minimum starting inlet contractionratio with
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O ‘Fuselage111
~~ 0.89 Solid = started at law pt,4/pt, m

100 Half solid = starting questionable
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do = 0B7
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Inlet aspect ratio, hi/w

Figure 14.- lMfect of inlet aspect ratio on the mirdmum startinginlet contr&ctianratio with
boundmy-layer diversion. Diverter 1; Mm = 3.1.
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